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Abstract 

Background: During the past three decades, the incidence of hepatocellular carcinoma in the United States has 
tripled. The neuroendocrine character has been observed in some tumor cells within some hepatocellular 
carcinoma nodules and elevated serum chromogranin A also been reported in patients with hepatocellular 
carcinoma. The aim of this work was to investigate the role of serum concentration of chromogranin A in patients 
with hepatocellular carcinoma at different stages. 

Methods: The study population consisted of 96 patients (63 males and 33 females age range 52-84) at their first 
hospital admission for hepatocellular carcinoma. The control group consisted of 35 volunteers (20 males and 15 
females age range 50-80). The hepatocellular carcinoma patients were stratified according the Barcelona-Clinic Liver 
Cancer classification. Venous blood samples were collected before treatment from each patients before surgery, 
centrifuged to obtain serum samples and stored at -80° C until assayed. 

Results: The chromogranin A serum levels were elevated (> 100 ng/ml) in 72/96 patients with hepatocellular 
carcinoma. The serum levels of chromogranin A were significantly correlated (p<0.05) with alpha-fetoprotein. In 
comparison with controls, the hepatocellular carcinoma patients showed a significant increase (p<0.001) vs 
controls. The chromogranin A levels in the Barcelona staging of hepatocellular carcinoma was higher in stage D 
compared to stage C (p<0.01), to stage B (p<0.001), and to stage A (p<0.001). 

Conclusions: Molecular markers, such as chromogranin A, could be very useful tools for hepatocellular carcinoma 
diagnosis. However the molecular classification should be incorporated into a staging scheme, which effectively 
separated patients into groups with homogeneous prognosis and response to treatment, and thus serves to aid in 
the selection of appropriate therapy. 



Background 

During the past three decades, the incidence of hepatocel- 
lular carcinoma (HCC) in the United States has tripled 
with an annual increase of 4.5% [1]. Two diagnostic tests 
are routinely used to detect HCC in clinical practice: 
serum a-fetoprotein (AFP) and ultrasonography (US). 
AFP is a glycoprotein, expressed during the early stages of 
fetal liver development by the endodermal cells of the visc- 
eral yolk sac, in the patients with testis cancer and during 
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hepatocarcinogenesis. The sensitivity of AFP as a diagnos- 
tic tool is restricted by the existence of non-AFP-secreting 
tumors [2-5]. The reliability of ultrasonographic diagnosis 
depends on a range of factors, including the expertise of 
the operator, the sophistication of the equipment and the 
size and nature of the tumor. HCC commonly exhibits 
histological polymorphism even within a single nodule. 
The neuroendocrine character has been observed in some 
tumor cells within some HCC nodules and elevated serum 
chromogranin A (CgA) also been reported in patients with 
HCC [6,7]. CgA is a member of the granin family of acidic 
secretory glycoproteins that are expressed in all endocrine 
and neuroendocrine cells, in various autoimmune disease, 
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and correlated with the use of various drugs, such as pro- 
ton pump inhibitors. CgA has been identified in numerous 
variety of tumors, including bronchial [8], prostate [9], 
pancreatic and gastrointestinal cancer [10,11]. The aim of 
this work was to investigate the role of serum concentra- 
tion of CgA in patients with HCC at different stages. 

Methods 

The study population consisted of 96 patients [63 males 
and 33 females age range 52-84] at their first hospital 
admission for HCC. The control group consisted of 35 
volunteers [20 males and 15 females age range 50-80]. The 
HCC patients were stratified according the Barcelona- 
Clinic Liver Cancer classification (BCLC) [12-14]. The 
BCLC staging classification links the stage of the disease 
to a specific treatment strategy. The BCLC uses variables 
related to tumour stage, liver functional status, physical 
status, and cancer-related symptoms, thus linking the four 
stages. The patients were recruited in a five years period 
(1^' January 2002- 31''* December 2006) and their demo- 
graphics and clinical characteristics are shown in table 1. 
Venous blood samples were collected before treatment 
from each patients before surgery, centrifuged to obtain 
serum samples and stored at -80 °C until assayed. Clinical 
chemistry tests were performed in the medical centre 
laboratory using standard methods. Fasting blood samples 
were taken at enrolment of the participants. Hepatitis B 
surface antigen (HbsAg) and its antibody (HbcAb) and 
antibody to delta antigen (anti-HDV) were all determined 
by enzyme immunoassay (Abbott Laboratories, North Chi- 
cago, IL). Antibody to hepatitis C virus (anti-HCV) was 
assayed by a second-generation enzyme-linked immunoas- 
say (ELISA, Ortho Diagnostixc Systems-Raritan, NJ). 
Specific investigations included abdominal US and tripha- 
sic spiral computerized tomography or magnetic reso- 
nance (MR). A US-guided liver biopsy was performer 
using a 18-21 range needle to sample both liver parench- 
yma and focal lesion. A commercial solid phase two site 
immunoradiometric assay was used to detect serum CgA 
(CgA-RIA CT, CIS Biointernational ORIS Group, GIF- 



SUR-Yvette, France). AFP was tested by using commer- 
cially available immunometric assay (Architect AFP assay, 
Abbott Laboratories, North Chicago, IL, USA). All data 
are presented as mean ±S.D. Discrete and continuous vari- 
ables were compared using either Student's t-test or the 
Wilcoxon Mann- Whitney non-parametric test for 
unpaired data. Categorical variables were compared with 
either the Chi square test or the Fisher exact test when 
requested. The Spearman's rank correlation coefficient 
test was used to test for unvaried relationships between 
variables. The applied tests were considered statistically 
significant at p<0.05 level. Data were analyzed using the 
statistical package SPSS for Windows 7.5 (SPSS Inc., 
Chicago, IL, USA). 

Results and discussion 

The CgA serum levels were elevated (> 100 ng/ml) in 72/ 
96 patients with HCC (Table 2). No significant differences 
were found between males and females in either of the 
groups. The serum levels of CgA were significantly corre- 
lated (p<0.05) with AFP. In comparison with controls, the 
HCC patients showed a significant increase (p<0.001) 
compared to controls. The CgA levels in the Barcelona 
staging of HCC was higher in stage D compared to stage 
C (p<0.01), to stage B (p<0.001), and to stage A (p<0.001). 
The most frequent site of neuroendocrine tumours is the 
gastrointestinal tract, accounting for approximately 70% 
[15] of the total neuroendocrine tumours in the body 
[16,17]. Neuroendocrine tumours frequently metastasize 
to the liver, but the liver itself seldom is the site of a pri- 
mary tumour [18-20]. The etiology and histogenesis of 
hepatic neuroendocrine tumours have remained elusive 
and controversial [21]. Proposed theories on the origin of 
neuroendocrine cells, that give rise to primary hepatic 
neuroendocrine tumours, include ectopic neuroendocrine 
cells of pancreatic or adrenal origin, neuroendocrine cells 
from within the intraepatic biliary tree or from neuroen- 
docrine-programmed ectoblasts [22]. The origin of neu- 
roendocrine components in HCC can be explained by the 
neuroendocrine cells existing in the original HCC tumour 



Table 1 Demographic characteristics of subjects included in the study. 



Parameter 


Stage 0 


Stage A 


Stage B 


Stage C 


Stage D 


Controls 


Number 


15 


21 


19 


24 


17 


35 


MaleXFemale 


10\5 


15\6 


10\9 


17\7 


11\6 


20\15 


Smokers yes\no 


12\3 


15\5 


15\4 


15\8 


10\7 


18\17 


Heart rate b\m 


78±6 


84+5 


77±8 


88 ± 7 


94 ± 7 


78 + 10 


Systolic Pressure mmHg 


135±10 


144±12 


141±13 


140±12 


145+10 


136+10 


Diastolic Pressure mmHg 


84±8 


88±10 


85±9 


87+8 


88+9 


84+7 


HCV 


6 


7 


9 


10 


10 




HBV 


5 


8 


8 


8 


4 




Alcool 


4 


6 


2 


6 


3 
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Table 2 AFP and CgA levels of the subjects Included in 
the study according to the BCLC classification 





a-Fetoprotein 


CgA 


Controls 


3.8 ± 1 .2 


73 ± 10 


Stage 0 


16 ±4 


96 ± 5 


Stage A 


24 ± 6 


102 ± 10 


Stage B 


36 ± 8 


125 ± 12 


Stage C 


74 + 24 


145 ± 96 


Stage D 


128 ± 35 


210 ± 110 



as one of the histological components; or the occurrence 

of phenotypic change and/ or differentiation of HCC cells; 
a differentiation from hepatic stem cells [23] . HCC is a 
complex neoplasm, in most cases on a background of pre- 
neoplastic damaged liver. An hypothesis describes a step- 
by-step process through which external stimuli could 
induce genetic alterations in mature hepatocytes leading 
to cell death and cellular proliferation. In the progression 
of chronic inflammation to fibrosis and cirrhosis, the up- 
regulation of mitogenic pathways leads to the production 
of monoclonal populations. These populations harbour 
dysplastic hepatocytes as a result of altered gene expres- 
sion and telomerase erosions. Thus, molecular markers, 
such as CgA, could be very useful tools for HCC diagnosis 
[24]. However the molecular classification should be 
incorporated into a staging scheme, which effectively sepa- 
rated patients into groups with homogeneous prognosis 
and response to treatment, and thus serves to aid in the 
selection of appropriate therapy. 

List of abbreviations 

HCC: Hepatocellular Carcinoma; AFP: a-fetoprotein; US: Ultrasonography; 
CgA: Chromogranin A; BCLC: Barcelona-Clinic Liver Cancer; MR: Magnetic 
Resonance. 

Acl<nowledgements 

MM and GM were supported by the International PhD program in 
Neuropharmacology, University of Catania. 

This article has been published as part of SMC Surge/y Volume 12 Supplement 1, 
2012: Selected articles from the XXV National Congress of the Italian Society of 
Geriatric Surgery. The full contents of the supplement are available online at 
httpy/www.biomedcentral.com/bmcsurg/supplements/l 2/Sl . 

Author details 

^Department of General Surgery, Section of General Surgery and Oncology, 
Vittorio Emanuele Hospital, Via Plebiscito 628 University of Catania, 95123 
Catania, Italy. ^International PhD programme in Neuropharmacology, 
University of Catania, Italy. 'Department of Senescence, Urological and 
Neurological Sciences, Cannizzaro Hospital Via Messina 829, 95125, University 
of Catania, Italy. "Department of Medical Oncology, National Cancer Institute, 
Aviano [PN] Italy, Via Franco Gallini 2, 33081 Aviano [PN], Italy. ^Department 
of Biomedical Sciences, Via S. Sofia, 87, 95123, University of Catania, Italy. 
•^Department of Medical and Pediatric Sciences Via S. Sofia, 87, 95123, 
University of Catania, Italy. 

Authors' contributions 

AB, GM: conception and design, interpretation of data, drafting the 
manuscript, given final approval of the version to be published; MV, MB, 
VDA, MM: acquisition of data, drafting the manuscript, given final approval 



of the version to be published; FB, FD, GB: critical revision, given final 
approval of the version to be published. 

Competing interests 

The authors declare that they have no competing interests. 
Published: 15 November 2012 

References 

1. Altekruse SF McGlynn KA, Reichman ME: Hepatocellular carcinoma 
incidence, mortality, and survival trends in the United States from 1975 
to 2005. J Clin Oncol 2009, 27:1485-91. 

2. Malaguarnera G, Giordano M, Paladina I, Berretta M, Cappellani A, 
Malaguarnera M: Serum markers of hepatocellular carcinoma. Dig Dis Sc 
2010, 55:2744-55. 

3. Malaguarnera G, Giordano M, Paladina I, Rando A, Uccello M, Basile F, 
Biondi A, Carnazzo S, Alessandria I, Mazzarino C: IVIarkers of bile duct 
tumors. World J Gastrointest Oncol 201 1, 3:49-59. 

4. Bertino G, Ardiri A, Malaguarnera M, Malaguarnera G, Bertino N, 
Calvagno GS: Hepatocellular carcinoma serum markers. Semin Oncol 2012, 
39410-33. 

5. Bertino G, Neri S, Bruno CM, Ardiri AM, Calvagno GS, Malaguarnera M, 
Toro A, Malaguarnera M, dementi S, Bertino N, Di Carlo I: Diagnostic and 
prognostic value of alpha-fetoprotein, des-y-carboxy prothrombin and 
squamous cell carcinoma antigen immunoglobulin M complexes in 
hepatocellular carcinoma. Minen/a Med 2011, 102363-71. 

6. Wang JH, Dhillon AP, Sankey EA, Wightman AK, Lewin JF, Scheuer PJ: 
'Neuroendocrine' differentiation in primary neoplasms of the liver, j 
Pathol 1991, 163:61-7. 

7. Zhao M, Laissue JA, Zimmermann A: "Neuroendocrine" differentiation in 
hepatocellular carcinomas (HCC): immunohistochemical reactivity is 
related to distinct tumor cell types, but not to tumor grade. Histol 
H/stopat/io/ 1993, 8:617-26. 

8. Portel-Gomes GM, Grimelius L, Johansson H, Wilander E Stridsberg M: 
Chromogranin A in human neuroendocrine tumors: an 
immunohistochemical study with region-specific antibodies. Am J Surg 
Pathol im, 25:1261-7 

9. Leibovitch I, Pinthus Y, Sella BA, Ramon J: Plasma chromogranin-A (CgA)-a 
potential marker for diagnosis, monitoring and management of prostate 
cancer patients. Harefuah 2006, 145:25-9, 78. 

10. Malaguarnera M, Cristaldi E Cammalleri L, Colonna V, Lipari H, Capici A, 
Cavallaro A, Beretta M, Alessandria I, Luca S, Motta M: Elevated 
chromogranin A (CgA) serum levels in the patients with advanced 
pancreatic cancer. Arch Gerontol Geriatr 2009, 48:213-7. 

11. Malaguarnera M, Vacante M, Fichera R, Cappellani A, Cristaldi E, Motta M: 
Chromogranin A (CgA) serum level as a marker of progression in 
hepatocellular carcinoma (HCC) of elderly patients. Arch Gerontol Geriatr 
2010,51:81-5. 

12. Llovet JM, Burroughs A, Bruix J: Hepatocellular carcinoma. Lancet 2003, 
362:1907-17. 

1 3. Llovet JM, Bru C, Bruix J: Prognosis of hepatocellular carcinoma: the BCLC 
staging classification. Semm Liver Dis 1999, 19:329-38. 

14. Bruix J, Llovet JM: Prognostic assessment and evaluation of the benefits 
of treatment. J Clin Gastroenterol 2002 35:138-42. 

15. Catania V, Consoli A, Cavallaro A, Liardo RL, Malaguarnera M: The neo- 
adjuvant treatment in gastrointestinal stromal tumor. Eur Rev Med 
Pharmacol Sci 2010, 14:727-30. 

16. Berretta M, Cappellani A, Lleshi A, Di Vita M, Lo Menzo E Bearz A, 
Galvano F Spina M, Malaguarnera M, Tirelli U, Berretta S: The role of diet in 
gastric cancer: still an open question. Front Biosci 2012, 17:1640-7. 

17. Ciuni R, Biondi A, Grosso G, Nunnari G, Panascia E Randisi L, Volpes R, 
Arcadipane A, Basile F Gridelli B, Gruttadauria S: Nutritional aspects in 
patient undergoing liver resection. Updates Surg 201 1, 63:249-52. 

18. Fenoglio LM, Severini S, Ferrigno D, Golle G, Serraino C, Bracco C, 
Castagna E Brignone C, Romero F, Migliore E David E Salizzoni M: Primary 
hepatic carcinoid: a case report and literature review. World J 
Gastroenterol 2009, 15:2418-22. 

19. Lin CW, Hsu CC Chang HC Sun YC Sun PL, Hsu CY Perng DS: Hepatoid 
adenocarcinoma of the stomach with liver metastasis mimicking 
hepatocellular carcinoma: a case report. Cases J 2009, 2:6317. 



Biondi et al. BMC Surgery 2012, 12(Suppl 1):S7 
http://www.biomedcentral.com/1471-2482/12/Sl/S7 



Page 4 of 4 



20. Mima K, Beppu T, Murata A, Otao R, Miyake K, Okabe H, Masuda T, Okabe K, 
Sugiyama S, Chikamoto A, Ishiko T, Takamori H, Baba H: Primary 
neuroendocrine tumor in the liver treated by hepatectomy: report of a 
case. Surg Today 201 1, 41:1655-60 

21. Gurung A, Yoshida EM, Scudamore CH, Hashim A, Erb SR, Webber DL: 
Primary hepatic neuroendocrine tumour requiring live donor liver 
transplantation: case report and concise review. Ann Hepatol 2012, 
11:715-20 

22. Gravante G, De Liguori Carino N, Overton J, Manzia TM, Orlando G: Primary 
carcinoids of the liver: a review of symptoms, diagnosis and treatments. 
Dig Surg 2008, 25:364-8. 

23. Kaya G, Pasche C, Osterheld MC, Chaubert P, Fontolliet C: Primary 
neuroendocrine carcinoma of the liver: an autopsy case. Pathol Int 2001, 
51:874-8. 

24. Li Voiti G, Sacerdoti D, Di Giacomo C, Barcellona ML, Scacco A, Murabito P, 
Biondi A, Basile F, Gazzolo D, Abella R, Erigiola A, Galvano F: Natural heme 
oxygenase-1 inducers in hepatobiliary function. World J Gastroenterol 
2008, 14:6122-32. 



dol:1 0.1 1 86/1 471-2482-1 2-S1 -S7 

Cite this article as: Biondi ef o/.: Elevated serum levels of Chromogranin 
A in hepatocellular carcinoma. BMC Surgery 2012 12(Suppl 1):S7. 



Submit your next manuscript to BiolVled Central 
and tal<e full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PublVled, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at A Tpntral 

www.biomedcentral.com/submit \ J BKMViea (.enirai 



